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(54) Apparatus for establishing branch wells from a parent well 



(57) A method and apparatus for creating multiple 
branch wells from a parent well is disclosed. According 
to a first embodiment of the invention a muttipie branch- 
ing sub is provided for placement at a branching node 
of a well Such sub includes a branching chamber (32) 
and a plurality of branching outlet members (34-38). The 
outlet members, during constnjction of the branching 
sub, have previously been distorted into oblong shapes 
so that al of the branching outlet nrwnbers fit within an 
imaginary cylinder which is coaxial wrth and substantial- 
ly the same radius as the branching chamber. According 
to one embodiment, the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodiment, the distorted outlet members are character- 
ized by an outer concave shape vHien in a retracted 
state. After deployment of the branching sub via a parent 
casing in the well, a forming tool is towered to the interior 
of the sub. The outlet members are extended outwardly 
by the forming tool and simultaneously formed into sub- 
stantiatly round tubes. Next, each outlet member is 
plugged wrth cement, after which each branch well is 
drilled through a respective outlet member. If desired, 
each branch may be lined with casing and sealed to a 
branching outlet by means of a casing hanger A mani- 
fold placed in the branching chamber controls the pro- 
duction of each branch well to the parent wett. According 
to a second embodiment ol the invention, a pressure 
resistant brarKhing sub is provided which may be in- 
stalled in series with a casing string, and the associated 
equipment used lor the installation operation and inter- 
vention of a well. The branching sub includes a main 
pipe arxJ a lateral outlet. 
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OMcrtptlon 

This invention relates generally to the field of wells, 
panicutarty to the field of establishing branch wells from 
a parent hydrocartxan well. More particularly the inven- s 
tion relates to estabishir^g multiple branch wells from a 
common depth point called a rxxto, deep in the well. 

BACKGROUND OF THE INVENTION 

10 

Multiple wells have been drilled from a comnrran lo- 
cation, particidarty ii*hilo drilling from an offshore plat- 
form where multiple welts must be drilled to cover the 
great expenses of ofshore drilling. As iUu^ted in Fig- 
ures 1 A and ia such wells are drilled through a conv is 
man conductor ppe, and each wen includes surface 
casing liners, irtemrwcfiate casing end parent casing as 
is well known in the field of offshore drilling d hydrocar- 
bon wells. U.S. Patent 5.456,199 describes apparatus 
and methods lof driTrg multiple wells from a common so 
wellbore at or near tw surface of the earth. U.S. Patent 
4.573.541 descrtoes a downhole lake-off assembly for 
a parent well whicti includes multiple take-off tubes 
which commumcate with branched wells from a com- 
mon point. ^ 

Branch wels are also known in the art of well drilling 
which branch fitxn multiple points in the parent well as 
illustrated in Figure 2. Branch wells are created from the 
parent well, bu: necessarily the parent well extends be- 
low the branchng point of the primary weU. As a result, 3C 
the branching well is typk:ally of a smaller diameter than 
that of the prinery weO whk:h extends bek)w the branch- 
ing point Furtiermore, difficult sealing problems have 
faced the art for establishing oonrvnunk^ation between 
the branch wel and the primary wen. ^ 

For exampfa. U.S. Patent 5.388,648 describes 
methods relating to well juncture sealing with various 
sets of embo(*T>ent8 to accomplish such sealing. The 
disclosure of t^e *648 patent proposes solutions to sev- 
eral serious sealing problems which are eiK^ountered *c 
when establis-ing branches in a well. Such sealing 
problems relaie to tne requirement of ensuring the con- 
nectivity of the aranch casing liner with the parent casing 
and to maintaining hydraulk; isotation of the juncture un- 
der differential pressure. ^ 

A fundamental problem exists in establishing 
branch welts A a depth in a primary well In that appara- 
tus for estabbshing such branch wells must be njn on 
parent casing which must fit within intemnediate casing 
of the well. Aocordngly. any such apparatus for estab- ^ 
Itshing branch wells must have an outer diameter which 
is essentially no greater than that of the parent casing. 
Furthermore, k is desirable that when branch welts are 
established, ihey have as large a diameter as possible. 
Stilt further, it is desirable that such branch wells be lined ^ 
with casing wttich may be established and sealed with 
the branching equipfnent with conventional casing 
hangers. 



An important object of this invention is id provide an 
apparatus and method by whch multiple brarKhes con- 
nect to a primary well at a single depth in the wei where 
the branch wells are controlled and sealed with respect 
to the prinr^ry well with conventional Hner-tocasing con- 
nectnns. 

Another important object of this invention is to pro- 
vide a multiple outlet branching sub having an outer di- 
ameter such that it way be run in a well to a deployment 
kxation via primary casing. 

Artother object of this invention is to piwide a mul- 
tiple outlet branching sub In whch multiple outlets are 
fabricated in a retracted state and are expanded while 
domrMe at a branching deployment location to pro- 
duce maximum branch well diameters roimded to pro- 
vide conventional liner-tocastng connections. 

Another object of this hventkMi is to pravida appa- 
ratus (or downhole expansion of letracted outlet mem- 
bers in order to direct each outlet into an aR:uate path 
outwardly from the axis of the primary wel and to ex- 
pmj the outlets into an essentially round shape such 
that after a branch well is drilled through an outlet con- 
ventksnal liner-to-casing connections can be nnade to 
such outlet members. 

SUMMARY OF THE INVENTION 

These objects and other advantages and features 
are provided in a n>ethod and apparatus for estal>lishing 
multiple branch wells from a parent weL A multtple 
brarwhing sub is provkled for deptoyment in a borehole 
by mearts of a parent casing through a parent wslL The 
bmching sub includes a branching chamber which has 
an open first end of cylindrical shape. The brarwhing 
dwiber has a second end to which branching outlet 
members are connected. The first end ts conrtected to 
the parent well casing in a conventkxial frenner. such 
as by threading, for deptayment to a brandling locatkx^ 
in the parent well. 

Multiple branching outlet members, each d which 
is integrally connected to the second end the branch- 
w\g chamber, provide fluM oommunicaton with the 
branching chamber. Each of the outlet members is pre- 
fabricated such that such members are irt a retracted 
positkyi for Insertion of the sub into and down tirough 
the parent well to a depbyment kx»tion deep in tte well. 
Each of the multiple outlets is substantially lotaly within 
an imaginary cylinder whteh is coaxial wit) and of sub- 
st»itially the same radius as the first er>d cf the branch- 
ing chamber. The prefabricatkxi of the outtet members 
causes each outlet member to be transfonned in cross- 
sectional shape from a round or circular shape to an ob- 
kang or other suitable shape such that its outer profile 
fits within the imaginary cylinder. The outer profile of 
each outlet menter cooperates with the outer profiles 
of other outlet members to substantially ffl the area of 
a cross-section of the imaginary cylinder. As a result, a 
substantially greater cross-sectional area cf the multiple 
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outlet members is achieved within a cross-section of the 
inraginary cytinder as compared with a corresponding 
number of tubular multiple outlet members of circular 
cross -section. 

The multiple outlet members are constructed of a 5 
material which may be plasticalty deformed by cokJ 
fomiing. A forming tool is used, after the multiple branch- 
if>9 sub is deployed in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to the branching chamber. Prefer- io 
abty all of the outlet members are expanded simultane- 
ously. Simultaneously with the outward expansion, the 
multiple outlets are expanded into a substantially circu- 
lar radial cross-sectional shape along their axial extent. 

After the multiple outlet members which branch ts 
from the branching chamber are expanded, each of the 
muttipte branching outlets are plugged. Next, a borehole 
is drilled through a selected one of the multiple branch- 
ing outlets. A substantially round liner is provided 
through the selected branching outlet and into the 
blanch well. The Kner of circular croes-section is sealed 
to the selected branching outlet circular cross-section 
by means of a conventional casing hanger. A borehole 
and liner is established for a plurality of the multiple 
brarKhtng outlets. A downhole manifold is installed in ^ 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch well to the 
parent well is controlled with the manifold. 

The apparatus for expanding an outlet of the multi- 
ple branching sub includes an uphole power and control so 
unit and a downhole operational unit. An electrical wire- 
Ine connects the uphole power and control unit and the 
downhole operational unit. The wirefine provides a 
physical connection for lowering the downhole opera- 
Uonat unit to the branching sub and provides an eiectri- as 
cal path fof trarismisslon of power and bidirectional con- 
trol and status signals. 

The downhole operational unit irKludes a forming 
mechanism arranged and designed for insertion in at 
least one retracted brarKhing outlet member of the sub ^ 
(and preferably into all of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylinder at deployment. Pref- 
erably each outlet member is expanded outwanily and 
expanded to a circular radial cross-section simultane- ^ 
ously. The downhole operational unit includes latching 
mj orientation mechanisms which cooperate with cor- 
responding mechanisms of the sub. Such cooperating 
mechanisms allow the fomiing mechanism to be radially 
oriented within the multiple branching sub so that it is so 
aligned with a selected outlet of the sub and preferably 
with all of the outlets of the sub. The downhole opera- 
tional unit includes a hydraulc pump and a head having 
hydraulic fluid lines connected to the hydraulic pump. 
The forming mechanism includes a hydraulicaify pow- « 
ered forming pad. A telescopic link between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly while ex- 



panding the outlet members. 

According to a second aRemative embodiment of 
the invention . a branching sub is provided which allows 
multiple branches from a parent casing without the need 
for sealing joints and whictt allows the use of conven- 
tional well controlled liner packers and casing joints. The 
geometry of the housing of the branching sub albws the 
housing to achieve maximim pressure rating consider- 
ing the size of the branch outlet with regard to the size 
of the parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantages and features o< the inven- 
Xfon will become more apparent by reference to the 
drawings which are appended hereto and wherein an 
atustratlve embocfiment ol tte Invention is shown, of 
which: 

Figures 1A and IB ihstrate a prior art triple liner 
packed in a oorxiuctor casing termination in which 
the outlet members are rourtd during installation 
and are packed to fit wihin the conductor casing; 
Figure 2 illustrates a prior art parent or vertical well 
and lateral branch wels which extertd therefrom; 
Figures 3A, 3B. and 3C ilustrate a three outlet 
branching sub accordhg to a first embodiment of 
the invention where Figure 3A is a radial cross-sec- 
tion through the brartching outlets of the sub, with 
one outlet completely in a retracted position, with 
another outlet in a posibon between its retracted po- 
sition and its fully expanded position, and the third 
outiet being in a fully esc pa nded positkxi, and where 
Figure 3B is a radial crass-section through the 
branching outlets of thesub wHh each of the outlets 
fully expanded after dapksyment in a parent well. 
ar>d Figure 3C Is an axial cross-section of the 
branching sub showing two of the branching outlets 
fully exparKled to a rouid shape in which casing has 
been run intoa branch wen and sealed with respect 
to the branching outle:s by means of conventional 
liner hanging packers. 

Figure 4 is a perspective view of a three symmetri- 
cal outlet branching suo of a first embodiment of the 
nventkm with the outlet branches expanded. 
Figures 5A. SB, SC. and 50 iDustrate conflguratkxis 
of the first embodimert of the invention with asym- 
metrical branching oudets with at least one outlet 
having larger internal dimenskxis than the other 
two. with Figure 5A being a radial cross-secton 
through the branching outlets akxig line SA-SA in a 
retracted positkxi. wich Figure SB being an axial 
cross-sectton through the ines SB-SB of Figure SA, 
with Figure 5C being a radtol cross-sectkxi aksng 
lines 5C-SC of Figure 50 wth the branching outlets 
fi an expanded position, and with Figure SO being 
an axial cross-sectksn akx>g lines SD-5D of Figure 
5C with the branching outlets in an expanded posi- 
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tioo; 

Figures 6A-6E itustrate radial cross-sectkx^s of 
several examptes of brarKhing outlet oxfigurations 
of the branchir>g sub according to the first embodi- 
ment of the invention, with all outlet branches fully s 
expanded from their retracted state during deploy- 
ment in a parent well, with Figure 6 A illustrating two 
equal diameter outlet branches, Figure 66 illustrat- 
ing three equal diameter outlet branches, Figure 
6C. like Figure SC. illustrating three outlet branches io 
with one branch characterized by a larger diameter 
than the other two. with Figure 60 illustrating four 
equal diameter outlet branches, and with Figure 6E 
illustrating five outlet branches with the center 
branch being of smaller dianneter than the other is 
four; 

Figures 7A-7E ilustfate stages of expanding the 
outlet members of an expandable brarKhing sub ac- 
cording to the invention, with Figure 7A illustrating 
. an axial cross-section of the sub showing multiple ^ 
branching outlets wih one such outlet in a retracted 
position and the other such outlet being expanded 
starting with its connection to the branching head 
and continuing expansion downwardly toward the 
lower opening of the branching outlets, with Figure 25 
7B illustrating a radial cross-section at axial position 
B of Figure 7A and assuming that each of three 
symmetrical brartching outlets are being expanded 
stmultaneousty^ and with Figures 7C through 7E 
showing various stages of expansion as a function oo 
of axiat distance along the branching outlets; 
Figures 6A and 88 illustrate respectivety in axial 
cross-section and a radial cross-section along lines 
eB-8B. latching and orientation profiles of a branch- 
ing chamber of the branching sub. and Figure 8A 3S 
further iBustrates an extension leg and supporting 
shoe for deployment in a parent well and for provid- 
ing stability to the brar>ching sub white expanding 
the branching outlets from their retracted position; 
Figure 9 scherttatically illustrates uphote and down- ^ 
hole apparatus for expanding the branching outlets 
of the branching sub; 

Figure 1 0 illustrates steps of the process of expand- 
ing and forming the brartching outlets with a pres- 
sure forming pad of the apparatus of Figure 9; ^ 
Figures 11A-11H tlustrate steps of an installation 
sequence for a nodal branching sub and for creating 
branch wells from a parent well; 
Figure 12 illustrates a branching sub deployed in a 
parent well and further illustrates branch well liners so 
hung from branching outlets and still further illus- 
trates production apparatus deployed in the branch- 
ing sub for cofttroOing production from branch wells 
into the parent welt 

Figures 1 3A and 1 38 geometrically Uluslrate the in- s$ 
crease in branch well size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells Irom liners packed at the end of parent 



casing; 

Figures 14A-140 are illustrative sketches of nodal 
brarKhffig according to the invention where Figure 
14A iUusUates establishing a node in a parent well 
and establishing branch wells at a common depth 
point in the parent well, all of whk:h communk:ate 
with a parent well at the node of the parent well; with 
Figure 14B illustrating an expanded branching sub 
which has had its branching outlets expanded be- 
yond the diameter of the parent casing and fonned 
to be substantially round; with Figure 14C illustrat- 
ing using a primary node and secondary nodes to 
produce hydrocarbons from a single strata; and with 
Rgure 14D illustrating using an expanded branch- 
ing 8ub from a primary node to reach multiple sub- 
terranean targets; 

Rgure ISA iOustrotes a two outlet version of a 
branching sub according to the first embodiment of 
the inventkyi. with Figures 1 SB, 1 Sff. 1 SC. and 1 50 
Ihistrating cross-sectionai profiles of such two out- 
let version of a brarKhing sub with an alternative 
post-forming tool at various depth bcatkyis in the 
outlet members; 

Figure 16 illustrates a two arm alternative version 
of a post-forming tod; 

Figures 17A-17D illustrate the operation of such al- 
ternative post-forming tool; 
Figures 1 8A - 1 6E illustrate a brarKhing sub accord- 
ing to the first embodiment of the inventkxi with con- 
cave deformation of the branching outlets; 
Figures 1 9A - 1 9C illustrate an alternative actuating 
^iparatus according to the inventnn. 
Figures 20A and 208 Hlustrate a second embodi- 
ment of the inventkm where Rgure 20A is an exte- 
rior view of a brar)ching sub with a main pipe and a 
tataial branching outlet and Figure 208 is an axial 
section view of such branching sub; 
Figures 21 A and 218 are axial and radial section 
views of the branching sub of Figures 20A and 208 
but in a retracted state, and Figures 21 C and 21 D 
are axial and radial sectk)n views of the branching 
sub of Figures 20A and 20B in an expanded state; 
Figure 22 Is a graph which shows that the yiekj 
strength of the houeing material of the branching 
sub increases with the rate of deformatkxi during 
expansion; 

Rgure 23 is a schematk; itiustratkxi of the branching 
sub according to a second embodiment of the in- 
vention where lateral or branch holes are created 
from the main body of the sub or subs to reach dis- 
lifwl formatkx^s from one main borehole; 
Figure 24 illustrates the use of a deflecting tool 
wtvch may be inserted within the main pipe erf the 
branching sub whereby a drilling tool whch enters 
from the top of the sub may be directed into the lat- 
eral outlet: 

Figure 2S illustrates two branching subs connected 
in tandem with the tandem connection placed in a 
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series of casing links o( a casing string; and 
Figures 26A and 268 iaustrate a cap which may be 
welded across the branching outlet in order to close 
rt off for certain well operatione. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1A and IB illustrate 
the problems with prior art apparatus and methods for 
establishing branch wels from a parent well. Figures 1 A 
and 1 B show radial and axial cross-sections of multiple 
outlet liners 12 hung arxJ sealed from a large diameter 
conductor pipe 10. The outlets are round in order to fa- 
cilitate use of conventkml Ining hanger packers 14 to 
seal the outlet liners 1 2 for communcatton wHh the con- 
ductor pipe 10. The anangement of Figures 1 A and IB 
requires that multiple round outlets of diameter Do fit 
withri the diameter Dsl the corxluctor pipe 1 0. In many 
cases, especially where the corxJuctor pipe must be de- 
pk>yed at a depth in the well, rather than at the surface 
of the well, it is not f eastole to provide a borehole of suf- 
ficient outer dianwter toaitow branch well outlets of suf- 
ficient diameter to be installed. 

The technique of providing branch wells according 
to the prior art arrangement depicted in Figure 2 creates 
branch wells 22. 24 from a primary well 20. Special seal- 
ing arrangements 26. unlike conventonal casing hang- 
ers, must be provided to seal a lined branch well 22. 24 
to the primary well 20. 

Description of Branching Sub According to a First 
Embodiment of the Inventton 

Figures 3A, 3B. and 3C illustrate a branching sub 
30 according to the invention. The branching sub in- 
cludes a branching cftamljer 32. (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 12)). and multiple outlet members, 
for exanrple three outlet members 34, 36, 38 illustrated 
in Figures 3 A. 3B. and 3C. Figure 3A is a radial cross- 
secton view through the brar>ching chamber 32 which 
illustrates one outlet member 34 in a retracted state, a 
second outlet member 36 in the state of being expanded 
outwardly, and a third outlet member 38 which has been 
fully expanded outwarcty. (Figure 3A is presented for il- 
lustrative purposes, because according to the invention 
it is preferred to expand and circularize each of the out- 
lets simultaneously.) In the retracted state, each outlet 
is deformed as shown particularty for outlet nrwmber 34. 
A round tube is defomied such that its cross-sectonal 
interior area remains essentially the same as that of a 
circular or round tube, but its exterior shape is such that 
it fits cooperatively with the deformed shape of the other 
outlet members, all within an inrwginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and- 
its retracted outlet members have an effective outer di- 



ameter which aiows rt to be run in a parent well to a 
deployment kjcation while attached to a parent casing. 
Outlet member 34 in its retracted state is illustrated in 
an oblong shape, but other retracted shapes may also 

s prove to have acVantageous characteristics. For exam- 
ple, a cor>cave cerrtral area of deformatnn in the outer 
skje of a retracied outlet member may be advantageous 
to provkto a sttfer outlet member. Such deforn^tion is 
progressively greater and deeper starting from the top 

10 to the bottom <^ the outlet member. 

Figure 3A shows outlet member 33 in a state of be- 
ing expanded in an arcuate path outwardly from the 
branching chamber 32 while simultaneously being 
rounded by a downhole forming-expanding tool that is 

IS described beloK The arrows labeled F represent forces 
being appfied tan tte interior of the outlet member 36 
in order to expand Itiat outlet member both outwardly in 
an arcuate patfi away from branching chamber 32 and 
to circularize I tan its retracted state (as ia the corKii- 

20 tkxi of outlet member 34) to its expanded or fully de- 
pk>yed stale Ito outlet member 38. 

Figure 3B is a radial croes-section as viewed by 
lines 3B-38 of Figure 3C throu^ the branching sub 30 
at the level of cutlet numbers 36, 38. Figure 3C illus- 

2S trates conven&onal casing liners 42. 44 which have 
been installed through branching chamber 32 and into 
respective outlet members 36, 38. Conventional liner 
hanging packer 46. 48 seal casing liners 42, 44 to outlet 
members 36, 38. As illustrated in Figures 3B and X, if 

30 the diameter Ds2 of the branching chamber 32 is the 
same as the diOTteCer Del of the conductor pipe of prior 
art Figure 1 B, tten the outlet diameter Dq of Figure 30 
is 1. 35 tmes as great as the outer diameter Do of Figure 
1 B. The Kner crese-eectkxial area S^ of the sub of Figure 

3S 3C is 1 .62 times as great as the liner croes-eectksnal 
area So of Rgve 1 A. When fully expanded, the effective 
diameter ol the expanded outlet members 34. 36. 38 ex- 
ceeds that of the branching chamber 32. 

Expertmerts have been corxlucted to prove the f ea- 

40 sibiiity of maoLfacturing branching sub 30 with outlets 
in a retracted state, and later operationally expanding 
outwardly ano -ourxjing the outlets. 

Experiment Phase 1 

45 

Two casing sizes were selected: a first one. one me- 
ter long was 7 inch diameter casing with a wall thckness 
of 4.5 mm; the second was one meter kang and was 7 
rich dianr>eter casir>g with a wall thickness of 8 mm. A 

so hydraulic jack was designed for placement in a casing 
for expanding it. Each casing was successfully pre- 
fornied into an eli^tical shape, e.g., to simulate the 
shape of outlet member 34 in Figure 3A and reformed 
into circular Gf«tpe while using a circularizing forming 

ss head with the jack. Circularity, like that of outlet member 
38 of Figure 3A was achieved with plus or minus differ- 
ence from perfect circularity of 2 mm. 
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Experiment Phase 2 

Two, one meter kxig. 7 inch diameter. 23 poond 
casings were machined axiatly at an angle of 2.5 de- 
grees. The two casings were joined together at their ma- 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to nt inside an 11 inch 
diameter. The welding at the junction of the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 10.7 inches; the minimum di- 
ameter was 10.5 inches. 

a) Machinery 

Before milting each casing at an angle ol ^5 de- 
grees, a spacer was temporarily welded at its end to 
avoid poeafale deformation during machining. Next 
each casing was machined roughly and then finished to 
assure that each machined surface was coptanar with 
the other. The spacer welded at the end ol the casing 
was machined at the same time. 

b) Welding 

The two machined casings were assembled togeth- 
er with a jig. pressed together ar>d carefully positioned 
to maintain alignment of the machined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the jig was renwved. In an EB 
welding chamber, the two machined casings were spot 
welded alternately on both sides to avoid possible de- 
formation which could open a gap between the two 
surfaces . Next about 500 mm were EB welded on one 
side; the combination was turned over and EB welded 
on the other side. Finally the bottom of the combination 
was EB welded and tumed over again to complete the 
welding. The result was satisfactory; the weld fillet was 
continuous without any loss of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 

c) Deformation 

Deformation was done with a special jig of two por- 
tions of half cylinders pushed against each other by a 
jack with a force of 30 metric tons (66.000 pounds). The 
hall cylinders had an inskje diameter whch was slightly 
smaller than 11 inches. ^Accordingly, the final diameter 
of the deformed assembly was less than 1 1 inches when 
the junction was deformed. Pliers were placed inside the 
junction to akJ deformatk)n of the outlet where it is criti- 
cal: at the end of the tube where the deformation is max- 
imal. 

A large wedge with a 5 degree angle was installed 
between the two outlets to facilitate flanening them 
when defomiing. The delormalkxi started at the outlets. 
Force was applied on the pliers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



plied to the pliers; the outside jig was morad down in 
steps of 125 mm; at each step a force of 15 metric tons 
(33,000 pounds) was applied. The operaion was re- 
peated with a force of 20 metre tons (44, GOO pounds), 
5 and the end of the outlets started to flatten cn the wedge. 
The process was completed at a force of S metric tons 
(66,000 pounds). The resulting deformec srocauct was 
satisfactory. 

It is preferred to modify the shape oi the pliers in 

10 such a way that the pliers deform the mxtlat with a 
smooth angle and to weU the wedge after dsfonnation, 
rather than before, and to wekJ it by usng two large 
wedges on each side of it to avoid a "n^ativo' defor- 
mation of this area. 

'5 Experiment Phase 2 was conducted asecondtinw, 
but with a steel sheet metal stiffener wetcad along the 
EB welds of both skies of the junctcn of thetwocasings. 
The jurction was deformed as in Experinent Phase 2 
to fit within an 11 inch diameter. A jack wth a force of 

20 30 metric tons (66.000 pounds) was used. Pterc, as for 
the firsi junctkxi. were not used. A targt wedge was 
used for the first junctkxi with a 5 degree ang^ cut in 
two and installed on each sde of the welctej wrodge be- 
tween the two outlets to facilitate flattening of the outlets 

2S vvhen deforming. The defomiation started at the outlets 
and continued toward the junctk^n. This aoerabon was 
repeated wrth a force of 30 metric tons. T-re end of the 
outlets started to flatten on the wedge. Th£ oordon most 
difficult to defomn was around the junction sf the casings 

30 where the outlets are complete inside bJ. welded to- 
gether, where the wekled surface is between the top of 
the inskle ellipse and the top of the outsite eilpse. As 
a result of this experiment, a higher capacity jack of 50 
metric tons force was provded. 

3S 

Experiment Phase 3 

A full length prototype with two 7 inct-.casir>gs con- 
nected to a 9 5/8 inch casing was manaactured and 
40 pressure tested. Testing stopped at 27 bar because de- 
formation was occurring without pressure /ariation. 

a) Machining 

45 Machining was perfomied in the sarra «ey as for 
the two prevtous junctkxis except that t^w \en^ o< the 
casings was 1.25 meters instead ol 1 metai; arxJ a 
groove was machined around the elliptcd proSe to en- 
hance the EB welding process. Additionaly; a bind hole 

so was machined on the plane of the cut of each casing to 
install a pin between the two casings to provide better 
positkxiing. The upper adapter was madiined out of a 
solkj bar of steel on a numerk:ally controlted mfling ma- 
chine to provkie a continuous profile between tfie 7 inch 

ss cashgs, with a 2.5 degree angle, and the 5 5/8 inch cas- 
ing. The adapter was machined to accect a ptug. The 
inner diameter of the lower end of the 7 inch casings 
was machined to accept the expanding pugs. 
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b) Welding 

The two machined casings were assembled togeth- 
er with a jig and pressed together The assembly was 
then fixed together by several spot TIG welds and the 
jig was removed. In an EB chamber, the two parts were 
EB spot welded alternately on both sides to avoid pos- 
sible defornr^tion. Then the two casings were EB weld- 
ed on one side; the assembly was turned over and EB 
welded on the other side. The assembled casings were 
joined satisfactorily. An adapter was then TIG welded 
on the assembled casings as well as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing 

Deformation dinng pressure testing was measured 
using two linear potentiometers placed on the EB weld. 
The pressure was increased by steps of 5 bar. artd the 
value of the potentiometer was recorded at atmospheric 
pressure, at the given pressure, and when returned to 
atmospheric pressure. As a result o* such pressure test- 
ing, it was determirod that the total plastic deformation 
of the casings near theff junction was 4.7 mm and out- 
wardly of their juncocn was 3.7 mm. 

Experiment Phase 3 showed that the deformation 
at 27 bar was too high. Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
the large casing wekJing act as stiffeners. It was deter- 
mined to add a stilener in the plane of welding which 
can be 'anchored' in the area of low deformation. 

Experiment Phase 4 

A full length prototype with two 7 inch casings (9 
mm thickness) connected toa 9 5/8 inch casing was de- 
formed to fit inside a 1 0.6 inch cylinder. This def omrwtion 
was perlormed usirtg the sanrw jig used for Experiment 
Phase 3. but with a jack with 50 metric tons capacity 
instead of 30 metric tons. 

a) Oeformaton Jig 

The deformation jig was modified to accept a higher 
defomning force and the bar which supports the fixed 
half shell was reirtorced. The jig was bolted on a frame 
and a crane was included In the frame to lift the junction 
and displace it during the deformation process. 

b) Deforming Process 

The change d dinr^enskxi of the joined casing dur- 
ing deformation was measured using a sliding gauge. 
Such change o» dimension was measured before apply- 
ing the pressure, iitvler pressure arxl after releasing the 
pressure. Oef ormaoon started at the middle of the junc- 
tion where it is stfflest and continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The detomrelion on the bottom of the junc- 
tkyi was too high on the first run and reached nearly 10 
inches. Al the midcfe ot the junctkx^, the deformatton 
was about 10.6 inches. Except for the bottom end whch 

s was deformed too much with negative curvature around 
the wedge, the remainder of the junction stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a fore© of 48 metric tons. For joining 
and deforming casings of thicker tubes, the jig must be 

10 rebuilt to accept tar9e delomiing forces. 

c) CoTKlusion 

The deformation of the prototype of Experiment 

IS Phase 4 was conducted easily with the new jig. The cas- 
ings were reopened to the original shape. 

Figure 4 is a peispective view of the branching sub 
30 of Figures 3A, 3. 3C where the branching sub is 
shown after expar^sion. Threads 31 are provkied at the 

20 top end of branching chamber 32. Threads 31 enable 
brarv:hing sub 30 to be connected to a parent casing for 
depkjyment at a sutxerranean location. Outlet members 
34. 36. 36 are shown expanded as they wouti kx)k 
downhole at the ena of a parent well. 

2S Figures 5A-5D diustrate an alternative three outlet 
branching sub 301 according to the inventkxi. Figures 
5A and 5B illustrate in radial and axial cross-eectnn 
views the sub 301 n its retracted position. Outlet mem- 
bers 341 , 361 and 361 are illustrated with outlet nr>ember 

30 361 being about equal to the combined radial cross-sec- 
tk)nal area of outlee members 341 and 381 combined. 
Each of the outlet members are defoimed inwardly from 
a round tubular shape to the shapes as illustrated in Fig- 
ure 5A whereby the connbtned deformed areas cf outlet 

35 members 341 . 361 and 3B1 substantially fill the circular 
area of branching chamber 321. Other defomr^ation 
shapes may be advantageous as mentioned above. 
Each deformed sh^ of outlet members 341, 361 and 
381 of Figure 5 A is rfiaracterized by (for example, of the 

40 outlet member 341 a circular outer section 342 ar)d one 
or more connectir;. non-circular sections 343. 345, 
Such non<ircular seclkxw 343, 345 are cooperatively 
shaped with sectksn 362 of outlet member 361 and 382 
ot outlet member 351 so as to rruucimize the internal ra- 

45 dial cross-sectnnal areas of outlet members 341. 361 
and 381. 

Figures 5C and 5D Bustrate the branching sub 301 
of Figures 5A an6 58 after its outlet members have been 
fully expanded aft v deployment in a parent well. Outlet 

so members 361 artd 381 are illustrated as having been 
simultaneously expanded in a gently cunning path out- 
wardly from the axe of bcariching chamber 321 and ex- 
panded radially to form drcutar tubular shapes from the 
deformed retracted state of Figures 5A and 5B. 

S5 Figures 6A-6E show in schematic form the size of 
expanded outlet memt>ers as compared to that of the 
branching chamber Figure 6A shows two outlet mem- 
bers 241, 242 which have been expanded from a de- 
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formed retracted state. The diameters of outlet mem- 
bers 241 and 242 are substantially greater in an expand- 
ed state as compared to their circular diameters if they 
could not be expandedL Figure 6B repeats the case d 
Figure 3B. Figure 6C repeats the uneven triple outlet 
configuration as shown in Figures 5A-5D. Figure 6D il- 
lustrates four expar^dlable outlet members from a 
branching chamber 422. Each ol the outlet members 
441 , 442, 443, 445 are of the same diameter. Figure 6E 
illustrates five outlet members, where outlet member 
545 is smaller than the other four outlet members 541 , 
542. 543, 544. Outlet member 545 may or may not be 
defonned in the retracted state of the branching sub. 

Description of Metfnd for Expending a Deformed 
Retracted Outlet Mennber 

Figures 7A-7E llustrate downhote forming heads 
122. 124, 126operatingatvariou8depth8inoutletmem- 
bers 38, 34. 36. As shown on the right hand side of Fig- 
ure 7A. a generated tomvng heed 122 is shown as il 
enters a deformed retracted outlet member, for example 
outlet member 36. at location B. Each of the forming 
heads 1 22, 1 24. 1 26 h^ not yet reached an outlet mem- 
ber, but the heads have already begun to expand the 
outlet wall of branching chamber 32 outwardly as illus- 
trated in Figure 78. The forming heads 122. 124. 126 
continue to expand the outlet members outwardly as 
shown at location C. Figure 7C shows the forming heads 

1 22. 1 24. 1 26 expanding the outlet members outwardly 
while simultaneously circutarizing them. Forming pads 

123. 125. 127 are forced outwardly by a piston in each 
of the forming heads 122. 124. 126. The fomwig heads 
simultaneously bear against central wall region 150 
which acts as a reaction body so as to simultaneously 
expand and form the outlet rrwmbers 38. 34. 36 whSe 
balancing reactive forces while expanding. Figures 7D 
and 7E illustrate the fomiing step at locations D and E 
o< Figure 7A. 

Figures 8A a^ SB illustrate an axially extending 
slot 160 in the bra-ichrtg chamber 32 of branching sub 
30. Such slot 160 cooperates with an orienting and 
latching sub of a downhole fomning tool for radial poei- 
tioning of such orienting and latching sub for fomiing and 
expanding the muliple outlet members downhole. A 
notch 162 in branching charhber 32 is used to latch the 
downhole forming tool at a predetermined axial position. 

An extension lag 170 projects downwardly from the 
central wall region 150 of branching sub X. A foot 172 
is carried at the end of extension leg 170. In operation, 
foot 1 72 is lowered to the bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 during forming tool expanding and other opera- 
tions. 



DescrpCion of Forming Tool 

a)Oescnption of Embodiment of Figures 9. 10 

5 Figures 9 and 1 0 illustrate the forming tool used to 
eiqsnd multiple outlet members, for example ocixaei 
manbefs 34. 36, 38 of Figures 3A. 3B. and 3C ano *tg- 
uras 7Bl 7C, 7D and 7E. The forming tool includes up- 
hote apparatus 100 and downhole apparatus 200. The 

10 uptde apparatus 1 00 includes a conventional compiter 
1 QZ programmed to control telemetiy and power su;ply 
unt 104 and to receive corrvnands from and display in- 
tonnatian to a human operator. An uphole winch unb T 06 
has an etoctricat wireline 110 spooled thereon for ibw- 

is ering downhole apparatus 200 through a parent «el 
casing and into the branching chamber 32 of a branch- 
ing sub 30 which is connected to and carried at the end 
of fie parent casing. 

The downhole apparatus 200 includes a conren- 

so tionalcaftile head 202 which provides a strenglh/etetrf- 
cat connection to wireline 110. A telemetry, power sjp- 
pties arvl controls module 204 includes conventionEl te- 
lerrtetry. power supply and control circuits which f uncbon 
to omnunicate with uphole computer 102 via wirtiine 
iia and to provide power and control signals to dowv 
hob modules. Hydraulic power unit 206 includes a son- 
ventionel electrically powered hydraulic pump for pro- 
ducing do^hole pressurized hydraulic fluid. An orent- 
ing and latching sub 206 includes a latching device 21 0 

30 (sdiemotically illustrated) tor fitting within notch 1£Z of 
braxhng chamber 32 of Figure 8A and an orientinsde- 
vioe 212 (schematically iltustrated) for cooperating with 
slot 160 of branching chamber 32. When the dowmole 
apparatus 200 is lowered into branching sub 30, otiant- 

35 rigdevioe 212 emers the slot 160 and the dowmhoteap- 
panatus 200 Is further lowered until the latching device 
210 enters and latches within notch 162. 

Focad traveling head 213 provides hydraulc fluid 
commiffucation between hydraulic power unit 206 and 

40 the traveling forming heads 122, 124, 126. for exaroie. 
Teescooic links 180 provide pressurized hydraulic 1uid 
to Taveing fomning heads 122. 124. 126astheh»ds 
1 22, 124. 1 26 move downwardly within the multiple out- 
let merf«>ers, for example outlet merhbers 34. 36, 38 of 

45 Figures 7B-7E. Monitoring heads 1 82. 1 84, 1 66 arepro- 
vidad to determine the radial distance moved wtfills ra- 
dicdly fanning an outlet member. 

Figure 10 illustrates traveling forming heads T2a 
1 24, 1 22 in different stages of forming an outlet menber 

so crt aranching sub X. Forming head 1 26 is shown in out- 
ted merriber 36. which is illustrated by a heavy line bribre 
radial tanning in the retracted outlet member 36. The 
OLdet member is shown in light lines 36', 36', wtfmthe 
oudet member is depicted as 36' in an intemtotiato 

55 stage d forming and as 36* in its final formed stage. 

The f onning head 1 24 is shown as it is racfially tjnrv 
irr9 retracted outlet member 34 (in light line) to an mer- 
rrediate stage 34'. A final stage is illustrated as cirruiar- 
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ized outlet member 34'. The fomiing head 124. like the 
other two forming heads 126, 1 22, includes a piston 151 
on which forming pad 125 is mounted. Piston 151 is 
forced outwardty by hydraulic fluid applied to opening 
hydraulic line 152 and is forced inwardly by hydraulic 
fluid applied to closing hydraulic line 1 54. A caliper sen- 
sor 184 is provided to determine the amount of radial 
travel of piston 151 and forming pad 125. for example. 
Suitable seals are piovided between the piston 1 51 and 
the forming head 124. 

The forming head 122 and forming pad 123 are il- 
lustrated in Figure 10 to indicate that under certain cir- 
cumstances the shape of the outlet member 38 may be 
"over exparKtod* tocreate a slif^tly oblong shaped out- 
let, such that when ladeJ tomning force from forming pad 
123 and forming head 122 is removed, the outlet win 
spring back into a cicutar shape due to resUual elastic- 
ity of the steel outlei metrbet. 

At the level of tw branching chan>ber 32, (omning 
heads 122. 124. 126. balance each other against the 
reactkan lorces whie foccing the walls of the chamber 
outwardly. Accordingly the forming heads 122, 124, 126 
are operated simukaneously, for example at level B of 
Figure 7 A while forcing the k>wer end o< the wall of the 
branching chamber 32 outwardly. When a forming head 
122 enters an outlet member 38 for example, the pad 
reactkxi forces are evenly supported by the central wall 
regkxi 1 50 of the branching chamber 32. The telescopw 
Inks 180 may be rotated a eman amount so that the 
forming pads 127. t25, 123 can apply pressure to the 
right or left from the notmal axis and thereby improve 
the roundness or circulanty dt the outlet members. After 
a forming sequence is perforTDed. for example at kx:a- 
tton D in Figure 7A. tw pressure is released from piston 
151, and the telesccpk: links 180 bwer the forming 
heads 122. for exampla. down by one step. Then the 
pressure is raised again (or forming the outlet members 
and so forth. 

The corrposition o* the materials of which the 
branching sub 30 is constnjcted is preferably of an alk>y 
steel with austencc structure, such as manganese 
steel, or nkikel aWo^s such as 'Monel' and •Inconel' se- 
ries. Such nuterials prcvkto substantial plastic def orma- 
itoa with coW formrg thereby providing strengthening. 

b) Deecription of Alemative Embodiment ol Figures 
1SA-15D, 16and17A-17D 

An alternative post-torming tool is illustrated in Fig- 
ures 15A. 15B. 15ff. 15C. 15D, 16. and 17A-17D. The 
post-forming tool 1500 is supported by comnrKjn down- 
hole components ol Figure 9 including a cable head 202. 
telemetry, power supplies and controls module 204, hy- 
draulc power unit 206 and an orienting and latching sub 
208. Figure 16 illustrates that post-forming tool 1500 in- 
cludes a travel ac&iator 1510. A piston 1512 of travel 
actuator 1510 mows from an upper retracted position 
as shown in Figure 1 7A to a lower extended position as 



shown in Figures 17C and 170. Figure 178 shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intermediate po6(tior\s depending on the de- 
sired travel positions of forming heads in the outlet mem- 
5 bers. 

Figures 16 and 170 ilustrate a two forming head 
embodiment ol the post-kxming tool 1500 where two 
outlet members (e.g.. see outlet members 1560 arid 
1562 of Figures 1 5A-150)afe illustrated. Three or more 

10 outlet members may be provided with a corresponding 
number of forming heads and actuators provided. Unks 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardly into outlet members 1560. 1562 as piston 

IS 1512 moves downwardly. 

Actuator cylinders 1516 each include a hydraulical- 
ly driven piston 1518 which receives pressurized hy- 
draulk; flukJ from hydraulic power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. The piston 1 516 is 

w in an upper positton as iluslrated in Figures 17A and 
17C and in a tower position as illustrated in Figures 17B 
and 170. 

The actuator cylinders 1516 are pivotaily linked via 
links 1524 to forming pads 1520. The pistons 1518 are 

25 linked via rods 1526 to expanding rollers 1522, As 
shown in Figures 17A and 158*. the forming pads 1520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 1 5B. The expanding rollers 1522 and 
forming pads 1520 are in a retracted poeitkxi within re- 

30 traded outlet members 1 560. 1 562. 

The piston 1512 is stroked downwardly a small 
amount to rrKve actuator cylinders 1516 downwardly a 
small amount Next pistons 1518 are stroked down- 
wardly causing expanding rollers 1522 to move akxxq 

35 the inclined interior face of forming pads 1 520 causing 
the pads to push outwarxly against the interior walls of 
retracted outlet members 1560, 1562 until the outlet 
members achieve a circutar shape at that level. Simul- 
taneously, the outlet rr^embers are forced outwardly 

40 from the axis of the muttble outlet sub 1550. Next, the 
pistons 1518 are stroked upwardly, thereby returning 
the expartding rollers 1522 to the positions as shown in 
Figure 15C. The piston 1512 is stroked another small 
distance downwardly thereby moving the forming pads 

*5 1 520 further down into the outlet members 1 560, 1 562. 
Again, the pistons 1 518 are stroked downwardly to fur- 
ther expand the outlet members 1560. 1562 outwardly 
and to circularize the outlets. The process is continued 
until the posittons of Figures ISO and 170 are reached 

so whrch illustrate the position of the forming pads 1520 
and actuator cylinders 1 516 at the distal end of the mul- 
tiple outlet members 1560, 1562. 

Oescriptkxi of Method for Providing Branch Wells 

£5 

Figures 11 A-11H and Figure 12 describe the proc- 
ess for establishing branch wells from a branching sub 
30 in a well. The branching sub 30 is illustrated as having 
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throe outlet members 34. 36. 38 (per the example of Fig- 
ures 3A, 38. 3C acKj Figures 7A-7E) but any number of 
outlets may also be used as ilustrated in Figures GA- 
GE. Only the outlets 38. 36 are dustrated from the axial 
cross-sectional views presented but of course a third 
outlet 34 exists for a three outlet example, but it is not 
visible in the views of Figures 1 1 A- 1 1 H or Figure 1 2. 

Figure 11 A shows that the branching sub 30 is first 
connected to the lower end of a parent casing 604 which 
is conveyed through intermecfiate casing 602 (if 
present). Intermediate casing 602 Ines the wellbcre and 
is typically run through surtace casir^g 600. Surface cas- 
ing 600 and Intermediate casing 602 are typically pro- 
vided to line the wellbore. The parent casing 604 may 
be hung from intermediate casing 602 or from the welt- 
head at the surface of the earth or on a production plat- 
form 

The outlet menders 36. 38 (34 not shown) are in 
the retracted position. Slot 160 and notch 162 are pro- 
vided in branching chamber 32 of branching sub 30 (see 
Figure 12) to cooperate with onenting device 212 and 
latching device 210 of orienting and latchvig sub 208 of 
downhole apparatus 200 (See Figuro 9). When the par- 
ent casing 604 is set downhoie. the branching sub 20 
may be oriented by rotating the parent casing 604 or by 
rotating only the branchrig sub 2D where a swivel joint 
is installed (not illustrated) at the connection of the 
branching sub 30 with the parent well casing 604. The 
orienting process may be moruuxed and controlled by 
gyroscopic or inclinometer sunrey methods. 

Description of Alternative Embocfinwnt c< Figures 18A- 
18Fand19A-19C 

Figures 18A-ieF iUustrate concave deformation of 
outlet members In a retracted state of a branching sub 
according to an alternative enrUxxiirTwnt of the invention. 
The outlets are shaped similar to that of a ruled surface 
shell. Ckxicave deformation cf retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es for particular outlet arran3ements. especially for 
three or more outlet nodal junoions. 

Figure 16A illustrates, in a radial cross section 
through lines 1 8A ol the brartchng chamber 1 82 1 . of the 
branching sub 1850 of Figure 16B. that the outlets have 
a concave shape. Stiffening structure 1800 is provided 
at the juncture of each outlet merrber 1881. 1842, 1861 
with its neighbor. As a result the area that is capable of 
plastic deformation is reduced as the number of outlets 
increases. Providing the retracted shape of the outlet 
members, as in Figures ISA and 188. allows minimiza- 
tion of the area to be deformed, and simultaneously re- 
spects the principle of deformation of a ruled surface 
shell that allows expansion by post-forming with a min- 
imum of energy required. Figure ISA illustrates an en- 
velope 1 810 of the overall diameter of the branching sub 
1850 when the outlet members i881, 1842. 1861 are 
retracted. The arrow 1806 penis to a circled area of 



structural reinforcement. Arrow 1604 points to an area 
of cortcave deformation of the outlets in branching 
chamber 1821. 

Figure 18C illustrates the branching sub 1850 at a 
5 longitudinal position at the junction of the outlet mem- 
bers with a radial cross section through lines 1 8C of Fig- 
ure 18B. Arrow 1810 points to the outer envelope of the 
branching sub in its retracted state. Figure 160 illus- 
trates the branching sub 1 850 near the end of the outlets 
10 while in a retracted state. Arrow 1610 points to the outer 
envelope of branchrtg sub 1850 in the retracted state, 
white arrows 1881*. 1842* and 1661' point to dashed line 
outlines of the outlet members 1881, 1842 and 1861, 
respectively, after expansion. 
IS Figures 18E and 18F Htustrate the branching sub 
1850 in an expanded state where Figure 1 6E is a radial 
cross section of through the outlet members at the end 
of the outlet. Arrow 1810 points to the outer envelope of 
the branching sub 1650 v^en in a retracted state; arrow 
so 1810* points to the outer envelope when the outlet mem- 
bers 1881', 1842* and 1861' have been expanded. 

A preferred way of placing the outlet members 
1881. 1842. 1861 into the retracted state of Figures 18A- 
18D is to construct the sub with the geometry of Figure 
2S ^ SE and apply concave pliers along the vertical plan d 
axis synvnetry of the junction. The defonmation is pro- 
gressively greater and deeper starting from the top of 
the outlet members (Figure 18A) to the bottom of the 
outlet members. The entire junction of outlet members 
30 1881 . 1842, 1861 to branching chamber 1821 prefera- 
bly includes welding of super plastic materials such as 
nictcel-based alloys (Monel or Inconel, for example) in 
the defomied areas and nruUeriats of higher yield 
strength in the non-defom>ed part of the branching sub. 
35 Electron beam weldng is a preferred method of welding 
the composite sheB of the branching sub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows joining of sections of different compositions 
and thick walls with minimum toes of strength. 
40 Figures 1 9A 1 9B and 1 9C iUustrate a post-fomning 
tool 1 926 similar to the post-forming tool of Figures 1 5B'- 
150 and 16 desaibed above. An actuator sonde (not 
shown) supports the post-fomiing tool 1926 including 
actuator 1 91 0, push rod 1 927. and fonning rollers 1 929. 
4S Figure 19A shows an axial section schematic of the 
post-forming tool 1926 operating in one outlet member 
1881 of branching sub 1B50 when it begins to expand 
such outlet member. Figure 1 9B illustrates a similar axial 
section where actuator 1 91 0 has been stroked outward- 
so ly to force push rod 1927 ar»d traveling forming head 
1928 downward, with forming rollers 1929 expanding 
outlet member 1881 outwardly while simultaneously 
rounding it Figure 19C shows a vertk^tl cn»8 sectcn 
through the branching sub 1 850 with a traveling fomting 
55 head 1 928 in each of the three outlet members 1881 , 
1 842, 1 861 . Fomriing rollers 1 929 force the concave por- 
tion of outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stiffen- 
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ng structure 1800. Push beams 1933 provide a Irame 
(or rotatiooal(y supporting terming rollers 1 929 and sup- 
port rollers 1931. Springs and linkages (not illustraJed) 
are provided anrxxig push beams 1933. (orming rotors 
1929. and support rollers 1 931 to insure that all wotiwyg 
parts retract to a top position so that the overall tod di- 
ameter collapses to the diameter ot the branching cham- 
ber 1821 (Figure 18B) oT the branching sub 18S0. 

In operation, the traveling forming head 1 928 d Fg- 
ures 1 9A-1 9C follows a sequence d steps similar to tiat 
described above with respect to Figures 17A-17D. The 
poet-forming tool 1926 is conveyed by means d a wiire- 
Im and its associated sonde with cable head, telemrtry 
power supplies and controls sub. hydraulic power wit 
end orienting and latching sub, and is set so thai f» 
actuator 1 910 seats above the top d the junction d dif- 
mig structure 1900. The traveBng forming head 1928. 
comprising push beams 1933 carrying forming roiers 
1929 and support rollers 1931. is pushed downwawly 
by powering actuator 1 91 0 so thai the expansion d each 
outlet member (e.g.. 1881. 1842, 1861) begins at its top 
end where it exits from the branching chamber 1 821 and 
continues to the lower end of each outlet member This 
sequence is repeated until the proper circular shape is 
achieved. 

Figure 11 B illustrates the forming step described 
dbove with forming heads 1 22. 1 26 shown forming out- 
let members 38. 36 with hydraulic fluid being prcvicied 
by telescopic links 180 from hydraulic power unit 206 
mj fixed traveling head 213 The outlet members 36, 
36 are rounded to maximize the diameter d the branch 
wells and to cooperate by fitting with liner hangers or 
packers in the steps described betow. The forming step 
of Figure 1 1 B also strengthens the outlet members 36, 
3B by their being cdd formed. As descrtoed above, the 
preferred material d the outlet members 36, 38 d me 
branching sub is alloyed steel with an austenitk: sftvjc- 
ture. such as manganese steel, which provkJes sub&an- 
tiat plastic deformation combined with hi^ strengthen- 
irtg. CoW forming (plastk: deformatkxi) d a nk;kel afloy 
steel, such as "Inconer, thus increases the >'eid 
suength of the base material at the bottom end od the 
branching chamber 32 and in the outlet members 36, 
36. The outlet members are formed into a final sxit&an- 
tialty circular radial croes-sectton by plastk: def omiafion. 

As described above, it is preferred under meet con- 
cfltions to convey and oontrd the downhde fomwg ap- 
paratus 200 by means d wireline 1 1 0, but under certain 
oonditk)ns. e.g.. under-balanced wellbore conditions, 
(or in a highly deviated or horizontal well) a coiled tiAing 
equipped with a wireline may replace the wireline atone- 
As illustrated in Figure 11B and described above, the 
downhde forming apparatus 200 is oriented, set and 
locked into the branching sub 30. Utching devk» 210 
snaps into notch 1 62 as shown in Figure 1 1 B (see also 
Figure 12). Hydraulic pressure generated by hydraulic 
power unit 206 is applied to pistons in forming heads 
122. 126 that are supported by telescope links 180 Af- 



ter a forming sequence has been perfomed. the pres- 
sure is released from the pistons, and the telescope 
links 180 tower the fomning pads dowtr by one step. 
Then the pressure is raised again and on until the 
5 forming step is completed with the outlet members cir- 
cularized. After the outlet members are expanded, the 
downhde forming apparatus 200 is rerroved from the 
parent casing 604. 

Figures 11C and 110 illustrate the cementing steps 
10 for connecting the parent casing 604 arti the branching 
sub 30 nto the well. Plugs or packers BOO are installed 
nto the outlet members 36. 38. The preteredway to set 
the packers 800 is with a mutt^le head alnger 602 con- 
veyed either by cementing string 804 or a cdtod tubing 
IS (not illustrated). A muttipte head stv^ger indudes multi- 
ple heads each equipped with a cemerting Idw shoe. 
The stinger 802 is latched and oriented w the brarKhing 
chamber 32 d branching sub 30 in a rranner similar to 
that described above with respect to F^jre TIB. As il- 
20 lustrated in Figure 1 1 0, cement 900 is irrtectad via the 
cefDenting string 804 into the packers 800. and after in- 
flating the packers 800 flows througtr comrenttonal 
check valves (not shown) into the annuUs outside par- 
ent casing 604, including the bottom branchsng sectton 
25 1 000. Next, the cementing string 804 is gulled out d the 
hole after disconnecting and leaving packore 800 in 
place as shown in Figure 11E. 

As shown in Figure UF, indivtoual sranc* wells (e. 
g. 801) are selectively drilled using any 3uctaft)le drillng 
30 technique. After a branch well has been driflted, a liner 
805 is installed, connected, and seated in the outlet 
member, 36 for example, with a uj mwui u na l casing 
hanger 806 at the outlet d the branching sdb 30 (See 
Figures 11G and 11H). The «ner may tacenMnted (as 
55 utustrated in Figure 11G) or it may be rrtriwrable de- 
pending on the productton or injectton paramrters, and 
a second branch well 808 may be drilted as ilustrated 
in Figure 11 H. 

Figure 12 illustrates completton cr branch wells 
40 from a branching sub at a node d a pa^t well having 
parent casing 604 ain through intermeaate casing 602 
and surface casing 600 from wellheac 5i0- As men- 
ttoned above, parent casir>g 604 may ba humg from in- 
termediate casing 602 rather than from «el tiead 61 0 as 
45 illustrated. The preferred method of cortplelri9 the well 
is to connect the branch wells 801 . 606 to a downhde 
manifoU 61 2 set in the branching chamtw 32abGve the 
junctton d the branch wells 801, 808. The downhole 
manitoW 61 2 is oriented and latched in bancfring cham- 
so ber 32 in a manner similar to that d theiowr*iote form- 
ing tod as illustrated in Figures 8A 85 and 11 B. The 
downhde manif dd 6 1 2 aJtows for comnH d me produc- 
tton d each respective branch well andprowides for se- 
tective re-entry d the branch wells 801 , 308 wSh testing 
ss or maintenance equipment which me^ be convoyed 
through productton tubing 820 from the surtace. 

In case d remedial woric in the parant casing 604. 
the downhole manifold 612 can isolate the parent well 
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from the branch wells 801 . 608 by plugging the outlet of 
the downhole mantfotd 612. This is done by conveying 
a packer through production tubing 820, and setting rt 
in the outlet of downhole rr^ifold 612 before discon- 
necting arKf removing the production tubing 620. ^Uves 
controllable from the surface and testing equipment can 
also be placed in the downhole equipment. The down- 
hole manifold 612 can also be connected to multiple 
completion tubing such that each branch well 801, 808 
can be independently connected to the surface well- 
head. 

The use of a brar^hing sub for branch well forma* 
tion. as described above, for a triple branch well config- 
uration, allows the use of dramaticalty smaller parent 
casing as compared to that required in the prior art ar- 
rangement of Figures 1 A and 1 B. The relationships be- 
tween the branching sub diameter Ds. the maximum ex- 
panded outlet diameter Do. ar)d the maximum diameter 
of a conventior^at axial branch D^for a two outlet case 
is shown in Figure 13A. and for a three outlet case in 
Figure 1 3B. The same land of analysis applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that could be made of liners 
packed at the end of the parent casing, the branching 
welt methods and apparatus of the present inventkxi al- 
k>w a gain in brarx:h cross-sectional area ranging from 
20 to 80 percent. 

Figures 1 4A-1 40 illustrate various uses of two node 
branch well configurations according to the invention. 
Figures 1 4A and 1 46 illustrate a brarKhing sub at a node 
according to the inventkxi. Figure 14C illustrates how 
branch wells may be used to drain a single strata or res- 
en/oir 1 1 00, while Figure 1 40 illustrates the use of a sin- 
gle node by v^ich multiple branch wels are directed to 
different target zones 11 20. 1140. 11 GO. Any branch well 
ma^ be treated as a single wel for any inten/entbn, 
plugging, or abandonment, separate from the other 
wells. 

Oescriptksn of Aftemattve Embodiment of a Branching 
Sub According to the Inventkxi 

a) Description of Alternative Branching Sub 

Figures 20A and 20B show an alternative embodi- 
ment 3000 of the invention of a branching sub. Figure 
20A shows an exterior view of the branching sub 3000 
including a housing 3002 having threaded ends 3004, 
3006. The branching sub 3000 of Figures 20 A 20B is 
illustrated in an expanded or post-formed state. The 
branching sub 3000 includes a main pipe 3010 which 
defines a feed through channel 3011 (see Figure 206) 
and at least one lateral branching outlet 301 2 which de- 
fines a lateral channel 301 3 (see Figure 206). A branch- 
ing chamber 3008 is defined between the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (6HA) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 3012. 

In a retracted state, the branching sub 3000 may be 
placed in series with sections of well casing and posi- 
tkxied in a borehole witi the running of the casing string 
s into the borehole. After placement in the borehole, the 
housing of the branching sub 3000 is post-formed so 
that both the feed through channel 3011 and the lateral 
channel XI 3 (or multiple branching outlets) are shaped 
to a final geometry which increases resistance to pres- 
10 sure and whch maximizes the drift diameter of the lat- 
eral channel 3013 and the feed through channel 3011. 
Longitudinal ribs 3016 provide strength to the housing 
3002 of the branching sub 3000. Longitudinal rb 3016 
extends the entire axial length of the branching sub 3000 
IS and is integral with the BHA deflecting area 301 5 for a 
distance from the baaom threaded end 3006 of the 
branching sub 3000 tothe branching chamber 3006. 

Figures 21A-21D schematically illustrate the 
branching sub 3000 in its retracted state (see Figures 
20 21A 216) and in its expanded state (see Figures 21C. 
21 0). In the retracted state shown in Figures 21 A 21 6, 
the main pipe 301 0 and the branching outlet 301 2 have 
been prefabricated so that the nnaximum outer diameter 
0 of the branching sub 3000 is not greater than the top 
2S threaded end 3004 or bottom threaded end 3006. Figure 
216. taken akxig section ine 21B of Figure 21 A illus- 
trates the obkxig shaoe of the feed through channel 
301 1 of main pipe 3010 and of the lateral channel 301 3 
of lateral branching outlet XI 2. In the retracted state, 
30 branching sub 3000 can be placed between sectkyis of 
borehole casing and run into an open tx>rehole to a se- 
lected depth. 

Figures 21 C and 210 schematically illustrate the 
branching sub 3000 sAer ft has had its feed throu^ 
35 channel XII expanded and its lateral channel X1 3 ex- 
panded The maximum diameter in the expanded state, 
performed downhole. at section line 210 is D* as com- 
pared to the diameter 0 of the top and bottom threaded 
ends 3004. 3006 of the branching sub 3000. Figure 21 0 
40 Hlustrates that the main pipe XI 0 and the lateral 
branching outlet XI 2 rot only have been expanded out- 
wardly from their retracted state of Figures 21 A 216. 
but that they have been sut>stantlally circularized. Thus, 
in Figure 21 D, feed through channel XII and lateral 
45 channel XI 3 are characteiized by substantially circular 
intemal diameters. 

The downhole post-fonning method and apparatus 
illustrated and descrt)ed above by reference to Figures 
7A-7E, 6A 66, 9 and 10 are used to expand the feed 
so through channel X1 1 and the lateral channel XI 3. 

The construction of branching sub 3000 is based on 
the combination of material and geometrical properties 
of the 6HA deflecting area XI 5. The material is specif- 
ically selected and treated to allow a targe rate of defer- 
ss matkxi without cracks. The geometry of the wan is such 
that both its combined thickness and shape ensure a 
continuous and progressive rate of deformation during 
the expansion. The plastic deformatkxi increases the 
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yietd strength by cold work effect and hence grves the 
joint an acceptable strength that is required to support 
the pressure and liner hanging forces. Figure 22 sho^ 
that the yield strength after expansion increases wAth the 
rate dt deformation of the outlets. A preferred material 
for use h the post-forming areas is a fine grain normal- 
ized caibon steel or an austenrtic manganese alloyed 
steel that reacts favorably to cold working. A preferred 
constnxtion method is to manufacture different specific 
components in order to optimize the material and form- 
ing process of each partcutar part In a final stage, the 
components are weWed together so that the housing 
3002 becomes one single continuous stnjctural shell 

b) Descrptksn of Use of Attematrve Branching Sub 

Rgura 23 schematcally Hlustrates the use ctf the a*- 
temative branching sub 3000 as descrt>od above. A 
pref ened use of the branching sub 3000 is for provkfing 
muttipte branches in a parent well. Such muttipie 
branches may improve the drainage of a subterranean 
formatkxi. 

Before the invention of the branching sub 3000 of 
Figures 20A, 20B and 21 A-21 D. connection of a lateral 
branch to a parent well has generally made use o< an 
arrangement of several parts with sealing c< the branch 
well to the parent well with njbber, resin or cement. Such 
joffits require a complex method of installatkjn and 
present a risk of hydraulc isolation failure after several 
pressure cycles in the well. 

The branchffig sub 3000 according to the invention 
allows for providing multiple branches from a parent 
casing with no sealing joint, but with conventwnal liner 
hanging packers and casing joints. The geometry o< the 
housing 3002 of the branching sub 3000 attaws the pres- 
sure rating of the sub and the size of the branch to be 
maximized with regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
where, after expanson downhole. branch wells 3014 
are provided to separate parts of the earth's cmst by 
means of lateral channels 301 3. The branch wells 30' 4 
can be used for exUactton, storage or in jectkxi of vario^ 
flukte such as mono or poly-phasic flukis ol hydrocartwn 
products, steam or water. 

c) Descrptton of Deflection Apparatus and Procedures 

Figure 24 illusuates how a drilling tool 3030 can be 
gukJed or deflected from main pipe 3010 into lateral 
branching outlet 3012 after the branching sub 3000 has 
been eiqpanded downhole. A deflecting tool 3036 is set 
in main pipe 3010 by nwans of elements which cooper- 
ate with the positkxiing groove 3040 arxJ orienting cam 
and skjl 3042 Hlustrated 6chennatk:a[ty. 

Several lateral branchkig subs can be stacked in 
tandem at a k«atkxi in the well or at several places 
along the casing string in order to provide optimal com- 
municatkDo with various formations from the parent well. 



Figure 25 illustrates two branching subs 3003 according 
to the alternative embodiment of the invention \NtfMCh are 
connected in tandem in a casing string 3300. Where two 
or nrxxe branching subs 3000 are connected in a casing 

5 string 3300, each sub can be oriented with re same or 
a different face angle for the lateral branches. As a con- 
sequence, different angular orientatkans Iron the parent 
well may be provkJed to reach a large volunia of subter- 
ranean formattons with different lateral branches. The 

10 casing string 3300 may be oriented vertically or horizon- 
tally, or it may be tilted: but the lateral branches n^y in 
any case extend laterally from the parerti casing. Al- 
though departing at a narrow angle from the casing 
string 3300. lateral boreholes from the lateial ouOets of 

f5 branching subs 3000 can be diractksnallydraedloaver- 
tcal. deviated or horizontal orientatkm. 

Figures 26A and 268 ittistrsta a driBattiB cap 3400 
wekjed about the opening of lateral branching outlet 
3012 in its retracted and expanded oondftiotta. respec- 

» tively. When conveying the casing string iriD the bore- 
hole, the cap 3400 isolates the lateral channel 301 3 from 
the borehole and maintains a differentia pressure 
across the casing wall which may be required to control 
the borehole pressure when casing is convoyed down- 

25 hole. When the lateral branch is to be drilled, a drilling 
tool bores through cap 3400 and into a f orrretion lo form 
a lateral branch. 

d) Descriptkxi ol Advantages and Features of 
X Alternative Branching Sub 

As mentioned above, a single branching sub 3000 
can be provktod with more than one lateral cutisc Such 
nruittiple outlets can be coptenar with each other or non- 

« coplanar. A single branching sub 3000 can be connect- 
ed in tandem with one or more other branching subs 
3000 either at its top end or its bottom end. A branching 
sub 3000 can be provided with a foot at its ^ower end in 
a similar manner to foot 1 72 of Figure 8A. 

40 A lateral branching outlet 301 2 of Figu-e 206 may 
support a \\r\QT hanging packer which holes a lir*er con- 
nected to the housing 3002 in order tc isotaie the 
branching chamber 3008 from the borehote. Appropri- 
ate grooves at the top of the lateral branching outlet 

45 3012 may be prcvkled to secure the liner hanger and 
prevent the liner from accktentally moving out d tie out- 
let during the liner setUng operatkxi or later. Alemative- 
»y, the interior wall of ih*- lateral branching ouflo« 3012 
can be provkjed without grooves. 

50 The lateral branching outlet 301 2 can be terminated 
with a ramp that gukles the drilling bit when starting the 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from acckJentally drilling baoc to«rd the 
main pipe 3010. 

S5 Other structures may be provkJed inside the 
branchhg chamber 3008 such as a guWance ranv. sec- 
orvdary positioning groove, or the like to valkiaie con- 
veying equipment through the feed throogh channel 
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3011 or toward a specific lateral channel 3013. The 
branching chamber 3008, or the lateral branching outlet 
301 2. or the nnain pipe 3010. can be provided with tem- 
porary or permanent How control devices such as 
valves, chokes, or temporary or permanent recording 
equipment with temperature, pressure or seismic sen- 
sors, lor example. The branching chamber 3008 can al- 
so be provided with a production tubing interface with a 
flow connector, or a flow diverter, or an isolating packer. 
A lateral branching outlet XI 2 can also be provkJed with 
an artificial lifting devk» such as a pump, gas influx in- 
jectors, and the like. 

As an alternative to the apparatus and techniques 
of Figures 7-10 for exparxling the main pipe 3010 and 
the lateral branching outlet 3012, an inflatable packer 
may be placed on the insxle wad of the main pipe 3010 
or the lateral brar^ching outlet 301 2 whereby the expan- 
sion force oH the packer is used to expand the pipes by 
plastic deformation. 

Various modificatkxts and atteratk^ns in the de- 
scdbed nr>ethod8 and apparatus will be apparent to 
thoee skilled in the art of the foregoing descriptksn which 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be inctuded within 
the scope of the appended claims whch include the only 
limitatkxis to the present invenUon. TTie descriptive 
manner whch is employed for setting forth the embod- 
iments shoukj be interpreted as illustrative but not limi- 
tative. 



Claims 

1. A multiple branching sub designed arxj arranged for 
depkTyment in a borehole comprising: 

a brartching chamber having an open first end 
of cylirxlrical shape and a second end, sab 
branching chamber designed and arranged for 
sealed connectkan at sab first end to casing in 
a borehole; and 

multiple branching outlet members, each of 
whk:h is integrally connected to said second 
and of sad branching chamber, each of said 
multiple branching outlet menrtbers being in flu- 
\6 communicatkxi with said branching cham- 
ber, sakJ sub characterized by: 
a retracted position for insertion into a borehole 
in whch each of saki multiple outlet members 
ie substantially totally within an imaginary cyl- 
inder whch is coaxial with and of substantially 
the same radius as sakl first end of sab branch- 
ing chamber; and 

an expanded positkxi in which at least one of 
said multiple outlet members extends from said 
branching chamber in a path outwardly of said 
imaginary cylinder; and 
wherein sakJ branching outlet members, when 



in said retracted positkxi, are characterized by 
an outer curved shape when a radial cross-sec- 
tion of sab branching outlet members is viewed 
from outsbe sab imaginary cylinder. 

5 

2. The sub of claim 1 wherein sab branching outlet 
members, when in sab retracted position, are char- 
acterized by an outer convex or oorKave shape 
when a radial cross-section of sab branching outlet 

»o members is viewed from outsbe sab imaginary cyl- 
inder. 

3. The sub of claim 1 wherein sab outlet memt)ers are 
designed arb arranged such thai in sab expanded 

IS positbn. each of sab multiple outlet menrtbers ex- 
tends in an arcuate path from sab branching cham- 
ber outwardly of sab kmaginaiy cyinder. 

4. The sub of claim 1 wherein sab multiple outlet 
20 members in sab expanded posjtbn are character- 
ized by a substantially circular radial cross-section- 
al shape. 

5. The sub of claim 1 wherein sab multiple branching 
25 outlet members are fomned of a material whch may 

be ptastcally deformed by cob forming. 

6. The sub of claim 5 wherein sab material is an al- 
ksyed steel with austenitic structure. 

30 

7. The sub of claim 6 wherein sab material is a nckel 
altoy. 

a The sub of clavn 1 wherein each of sab multiple 
3S branching outlet members is of sut>stantiaily the 
same radial cross-sectkxiat area. 

9. The sub of claim 1 wherein at least one of said mul- 
tiple branching outlet members is characterized by 

4a a radial cross-sectkinal area whch is greater than 
at least one other of sab mutiole branching outlet 
members. 

1 0. The sub of claim 1 further comprising a leg member 
45 carried substantially axially dcMfnwardly from sab 

second end of sab branching chamber, and a foot 
disposed at a distal end of sab leg. 

11. The sub of claim 1 wherein a central support region 
so is defined at said second end of said branching 

chamber between integral connections of sab mul- 
tiple branching outlet menrtbers to said second end, 
and further comprising: 

55 an extension leg carried from sab central sup- 

port regbn whch extends axially beyond sab 
multiple branching outlet members; and 
a foot disposed at a distal end of said leg. 
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12. A branching sub designed and arranged for deploy- 
tnent in a bcM-ehole comprising: 

an integral housing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said n^ain pipe and said branching outlet each 
being longitudinally below said branching 
chamber and each being in fluid communica- 
tion with said branching chamber, 
said top end of said housing being above said 
branching chamber and being adapted for con- 
rwction to borehole casing, and wherein said 
top end is characterized by a connection dianv 
oter. 

said branching sub characterized by a retracted 
state tor insertion into a borehole in which the 
largest diameter of said housing at any position 
tfong its longitudinal length is no greater than 
said connection diameter; and 
»i expanded state in which said branching out- 
let extends outwardly from said branching 
ctiamber with a diameter of said housing in said 
expanded state being greater than said con- 
rtection diameter 

13. The branching sub of claim 12 wherein said main 
3ipe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end of said branching outlet. 

14. The bcanching sub of claim 12 wherein said main 
aipe has threads provided at said bottom end for 
connection to borehole casing below. 

1 5. The branching sub o( claim 1 4 where in the retract- 
ed state said main pipe is characterized by a circular 
rwide radial section shape at said bottom end and 
cy a non-circular inside radial section shape at a 
on^iudinal position below said branching chamber 
ifxJ above said bottom end. and said branching out- 
et is characterized by a rKXi-circular inside radial 
jection shape at a longitudinal position below said 
srarvhing chamber 

ia The branching sub ol claim 15 where in the expand- 
ed state said branching chamber and said main 
pipe are characterized by a substantially constant 
first demeter of a circular inside radial shape from 
said lop end to said bottom end, and said branching 
outlet is characterized by a substantially constant 
second diameter of a circular inside radial shape 
rrom said branching outlet end to said branching 
chamber. 

17. The branching sub of claim 1 3 further comprising a 
first longitudinal rib which is integral with said hous- 
ng and which extends from said bottom end to said 



top end in a path along the exterior cf said housing. 

1 8. The branching sub of claim 1 7 further comprising a 
second longitudinal rib, spaced peripherally from 

5 said first longitudinal rib which extends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

19. The branching sub ol claim 18 further comprising a 
10 deflecting structure which separates said main pipe 

from said branching outlet from said branching 
chamber Icngitudinatty downward to said end of 
said branching outlet. 

IS 20. The branching sub of claim 1 3 further comprising a 
drillable cap secured to said end of said branching 
outlet. 
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